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PULMONARY DISEASES IN THe MINING DustRyL/ 
By R. R. savene! 


dilthough the attention cf those interested in diseases peculiar to 
mining has been focused recently on one dust diszase - silicosis ~ other 
respiratory diseases may cause more suffering and economic loss The in- 
creased incidence of these diseases usually is attriouted to snore to 
abnormal air conditions urderground, such as sudden changes from high to 
low temperatures, excessive dust, and noxious gases, The principal 
respiratory diseases to which the miner is subject are bronchitis, in- 
fluenza and pneumonia, pulmonary tuberculosis, anthracosilicosis, and 
silicosis. Althoush the mortality statistics in some of the tables in- 
cluded in this paver wre old they have been corrobornted by later, less 
complete data. 


Bronchitis 


Sronchitis is an inflammation of the bronchial tubes due, among other 
causes, to the inhalation of irritants such as dusts (organic and in- 
organic). Occupations that entail exnosure to atmospheres polluted by ir 
ritating gases carry with them the risk of bronchitis. According to Collis 
(1), it cannot de distinsulshed clinically from bronchitis occurring among 
the general population, nnd its association with the inhalation of dust or 
gases usually is unrecogcized, 


During middle life oronchitis causes mich recurrent invalidity and 
incapacity. Mortality records compiled by Collis (2) indicate that it is 
of a chronic traumatic origin associated with irritating atmospheric con- 
ditions, rather than of sn infectious origin. 


Statistics for bronchitis for the general population and for workers 
exposed to dusts in Great Britain (3) for 1921-23 show the role played by 
dusts in the increased incidence of the disease in certain industries. 

The comparative mortality per thousand (ages 20 to 65) for those in oc- 
cupations exposed to siliceous dust was 214, for those exposed to nonsili- 
ceous dust 59.5, and for the general vonulation 49.6. (See table 1.) 


The Bureau of Mines will welcome reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from Bureau of 
Mines Information Circular 7146," 

Presented before the Mining Section, 29th National Safety Congress and 
Exposition, Chicago, Il]., Oct. 9, 1940. 

2/ Director, Bureau of Mines, senior surgeon, U. S. Public Health Service. 
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TABLE 1, - Mortality per 1,000 from bronchitis in dusty occupations 
and in the general population, by age groups 


7 Comparative 
Ages at death Mortality figure 
20-| 25— ~ 20-6 
Occupations exposed} _ : 
to? | 
Siliceous dust.., 15367 214.0 
Nonsiliceous dust] - 1.8 59.5 
General populatien,| 0 28.8 49.6 


’ 


In this connection it is interesting to note the mortality statistics 
per thousand (ages 20 to 65) for coal miners of counties of Wales (in which 
most of the coal mined is anthracite) compared with those for two other 
groups in England and Wales (4). The figures for coal miners are ll2 for 
all underground workers and 139 for hewers and getters, compared with 46 for 
males in the same social class and 50 for all occupied and retired males. 
(See table 2.) | 


“TABLE 2, = Comparative mortality figures for bronchitis por 1,000 
of certain groups in England and Wales 


Coal miners 1/3 Bronchitis 


All underground workers..... ite 
Hewers and getters....cccees 139 
Males in same social class.... L6 
All occupied and retired males 50 


Ratio of rate for hewers and 
getters to rate for same so» 
clal class,.. ee ee ee 

1/ In 3 counties in Wales. 


oe00 @ @ 8 


In a study by the United States Public Health Service (5) 35 cases of 
chronic bronchitis were found among 344 employees of tvo anthracite~mining 
companies examined, 


In the study conducted by the Bureau of Mines and the Public Health 
Service at Picher, Okla. (6), the highest incidence of silicosis or 
tuberculosis, or both, was found among men who reported having had bronchitis, 
pleurisy, and asthma, 


Influenza _ and Pneumonia 
Figures of mortality available for 4,700 miners insured in the group 
department of the Metropolitan Life Insurance Co. (7) show that in the last 
quarter of 1918 during the influenza epidemic 64 of these miners @ied of 


influenza or pneumonia, This is equivalent to an annual death rate of 50 
per 1,000. Among all occupied miles azed 15 years and over the rate from 
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influenza-pneumonia in the same 3 months was c2 per 1,C00, or less than 
half as high. In the ase neriod 45 to 65 years the rate among bituminous- 
coal miners was about four tines as hich as nmong 211 occucied males in the 
same age group. (See tatle 2.) 


TABLE 3, - Influcnza—-pneumonia mortality among bituminous- 
eoul. miners, Octover- to Decenber: 191% 


Ags period Bituninous-coal/4ll industrial white 
miners 


All agesi/ 2243 
15-25 17-5 
P5alL5 32.6 
Pierre) ty Oem 


U5—65 
1/ 15 years and over, 


Influenza anc mneumonia, és reported, were resnonsidle, in the years 
under study, for 31 percent of the mortality in the groun of bituminous-coal 
miners at ages 16 to 70 in Indiana, Missouri, and Wyoming, compared with 19 

ercent among toth farmers and Nall other mAresn at eheed ages in the same 
eee (See tavle 4.) 


TADLE 4, ~ Percentage of deaths from influenza and preumonia (after 
deducting accidents) among bituninous-coal miners compared 
with furmers, end with other males in the same areas of 
several soft—-coal-producing States 


withers CSE RE 


Male groups under 
commaricon 16-70 | 16-30 | 31-110 1-50 |_ 4 
Bituminous~coal miners.... 31.1] 49. eT} eb. 19./ 10. 
PAPE? Ses eae hoois ew eels 13.7 | 38.4 32.4 12.4 10.8 
AV Other mal ess hess swe 18.6 0.0 29.0 16.0 nee 10.8 
l/ The death records for soft-coal ininers were obtained from 15 coa .l=—pro-. 
ducing counties of Indiana, 1916-20, inclusive, 8 coal counties of 
Missouri, 1917-21, Dacca: and the 6 princival coal-nroducing coun~ 
ties of Wyoming, 1919-23, inclusive. The record for farmers and for 
"all other males" wes obtained from the above-mentioned coal-mining 
counties and also from 3 agricultural counties of Wyoming, 1919~23. 


In 1918, the year of the great epidemic, influenza and pneumonia deaths 
constituted 55 percent of total mortality exclusive of accidents among the 
bituminous miners, in contrast with 27 percent among the farmers and 34 per~ 
cent among all other males. These percentages were not as high as the ~ 
figures for Wilkes-Barre, The fact that the soft-coal counties under con~ 
sideration are largely rural areas may have made some difference, 


In the epidemic year 1920 the prorortion of deaths from influenza and 
pneumonia was smiller than in 1918, but, es was found for the anthracite 
miners, the bituminous group showed a wider difference in the proportion 
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of deaths from this cause compared with "all other males" than in 1918. 
The percentages in 1920 were 29 for the soft-coal miners and 16 for "all 
other males." In this epidemic the bituminous miners at ages 10 to 60 
surfered heavy excess mortality from influenza-pneumonia, but the dif- 
ferential mortality was not quite so great as at ages 16 to 30. 


Among hewers and getters of soft coal in England and Wales, the death 
rate from influenza and pneumonia, 1921~23, was about l2 percent greater 
than among males of comparable social status (social class 3). The dif- 
ference was found to be 5,8 times the probable error of the difference, which 
is certainly a significant variation, Thus, an abnormal mortality from 
influenza and pneumonia is consistently indicated among miners of coal, toth 
anthracite and bituminous, in England as well as in America. 


~The pneumonia~mortality fieures in 1921-23 for occupations in Great 
Britain exposed to siliceous and nonsiliceous dust compared with those for 
the general population were given by Collis (1) as 13463, 76.0, and 8.3, 
respectively; similar figures for influenza were 47.1, 4a,6, and 36.5, 
respectively. (See tabla 5.) 


TABLE 5, =~ Mortalit er 1,C00 from pneumonia and influenza 
in dusty occupations and in the general population 


Pneumonia 
Comparative 
Azes at death mortality figure 
20 o5= - 20-0 
Occupations exposed to: 
Siliceous duste.ssesse 4.4 | 30.6 134.3 
Nonsiliceous dust..... 9.6 | 13.7 76.0 
General nopulation.... Li, 19,6 & e 
Inrluenza 
Occupation exposed to: | 
Siliceous dust........] lel Tet} dled. 6.7 se 47 1 
Nonsiliceous dust.....| 5.4 4oS | 13.7 |10,6/1%.9 49.6 
General population......} 2,0 oe A 9,/j12.0 6. 


According to Brundage (4), an outstanding feature of the statistics 
of death for hard-coal miners in the United States is their extraordinary 
mortality from influenza and pneumonia not only during influenza epidemics 
but at other times as well, Ina study by the Public Health Service at 
Wilkes-Barre, Pa., in 1915~23 and 1906-25 (4) it was found that influenza 
and pneumonia were responsible for 40 percent of the total deaths, compared 
with 25 percent among males at ages 15 to 65 who had been engaged in pur= 
suits other than coal mining in Wilkes-Barre and vicinity. The vercent-— 
age of deaths from influenza and pneumonia for these two groups, by ages, 
for the years mentioned was 19,3 for anthracite miners compared with 13.3 
for males in other industries. (See table 5.) 
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TABLE 6, —- Percentage of deaths from influenza and pneumonia 


among anthracite miners and:among males in occuna- 
tions other than mining in Wilkes-—Sarre and vicinit 


Groups under Ages 
comparison 15—6 152 25— ~ oaa5 —6) 
Anthracite miners. | 39.5 ee 79 42.9 31.8 ~—=19.3 
Males in other in- 
dustries.......00| 25. 28. 46.2 1,0 16.8 13. 
Tuberculosis 


In 1925 Collis (8) said that for coal miners generally the tuberculosis 
rate anparently is low, although miners at the coal face suffer from the 
disease more than other coal miners underground and workers above ground, 
Results of more recent investigations seem to contradict the assumption that 
tuberculosis does not occur among coal miners. An investigation by the 
Welsh School of Medicine, reported in 1937 (S), indicates that this sup- 
posed exemption of coal miners from tuberculosis may be due to a mis— or 
partial diagnosis. This investigation revealed a high incidence of tuber- 
culosis (35 percent if the "probable" cases are included) among the 
pneumoconiotics of the South Wales coal fields and swoports the theory that 
coal dust modifies the tuberculosis, leading to failure to recogize the 
disease or to the mistaken diarnosis of "bronchitis." 


Studies by the United States Public Health Service (10) revealed that 6 
percent of hard-coal miners examined had clinical pulmonary. tuberculosis. 
The average prevalence in the adult male vovulation of the United States 
ls about 2 percent. The prevalence of pulmonary tuberculosis among hard- 
coal mining employees at azges below 35 was slightly less than that found 
through studies among male adults in the general population, In the age 
group 35 to 44, however, the prevalence of tuberculosis was atout twice, 
at ages 45 to. 54 about 5 times, and for ases above 55 it was about 10 times 
the rate found in the general nopulation, The highest prevalence of 
clinical pulmonary tuberculosis occurred among the rock workers (men who 
had been employed in rock loading or rock extraction for more than 2 or 3 
years). After 20 years! service, of which more than 2 or 3 years were in 
rock work, 37 percent presented evidence of pulmonary tubderculosis. Ina 
group of 1355 completely disabled former anthracite workers, which did not 
include any known cases of tuberculosis, 10 percent proved positive for 
pulmonary tuberculosis, These findings would apnear to corroborate those 
of the Welsh National School of Medicine that indicate that the supposed 
exemption from tuberculosis of coal miners is erroneous owing to incorrect 
diagosis, There is evidence that the above increased incidence of 
tuberculosis is associated with exposure to silica dust. 


The incidence of tuberculosis is much hisher in metal mines than in 
coal mines, owing no doubt to exposure to dust containing a higher concentras 
tion of silica. An investigation in 1914 by the Bureaw of Mines in co- 
operation with the Puolic Health Service of pulmonary disease among the 
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ginc miners of the Joplin, Moe, district, revealed a high death rate from 
pulmonary tuberculosis, The mortality rate for tuberculosis for Jasver 
County was 200.8 per 100,000 for 1911 and 1912 and 229.7 for 1913, according 
to statistics of the State Board of Health (11). On the other hand, according 
to the Jasper County Antituberculosis Society, during the calendar year 19le 
there were 720 deaths among miners who had worked 2 years or more underground 
in Jasper County. Not all of these 720 deaths occurred in that county, but 
they had contracted the disease there and some of them had moved away. Of 

93 miners in the Joplin District exemined by Lanza in 1914 (11), 64 showed 
definite symptoms of pulmonary disease and 39 of the Gl had the classical 
symptoms of pulmonary tuberculosis, 


In a study by the Bureau of Mines and the Public Health Service (12) in 
Butte, Mont., during 1916 to 1920 the death records of the State Board of © 
Health were examined, These showed that during 1915, 122, during 1916, 126, 

and during 1917, 169 Butte miners died of tuberculosis, Tho significance 
of the death from tuberculosis of 169 miners in 1917 is indicated by com- 
parison with the record of other regions. In 1917 apvroximately 1,000 men 
were employed underground in Butte mines; with 169 deaths from tuberculosis 
for the year, the rate per 100,000 was 1,207. The tuberculosis death rate 
of Michignn for the 10-year period 1910 to 1920 was 97.4 per 100,000; hence 
the tuberculosis death rate of Butte miners was nearly 13 times as great as 
that of Michigan. _ 


The part played by dust, esnecially dust containing silica, in the pro- 
duction of pulmonary tuberculosis is shown clearly by figures for Great 
Britain for 1921-23 (3). The death rate per 1,000 for ages 20 to 65 was 
592.2 for those exposed to siliceous dust, 172.!} for those exnosed to non— 
siliceous dust, and 163.5 for the general population; for ages he to 44 the 
figures were 141.0, 46.1, and 43.6, respectively; for ages 45-54 the figures 
were 211.6, 56.4, and 39.0, respectively; and for ages 55 and over the 
figures were 150.6, 29.9. and 22.7, respectively, (See fable 7.) 


TABLE 7, - Mortality per 1,000 from pulmonary tuberculosis 
in dusty occupations and in the general population 


Ages at death 


o~ CO~6 
Occupations exposed 
tos 
Siliceous dust..... 150.6 592.2 


Nonsiliceous dust.. 
General population... 


29.9 172.4 
226 163.5 


According to Collis (2) the prevalence of bronchitis, pneumonia, and 
tuberculosis is high among those exposed to silica dust, but the incidence 
of these diseases is not always the same under other conditions such as ex- 
posure to other dusts, heat, and fumes, or working indoors. (See table 8.) 
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TABLE 8, ~ Prevalence of bronchitis, pneumonia, and tuberculosis 
under certain conditions of exposure 


Bxno sure Bronchitis. | Pneumonia Tuberculosis 
Outdoor and indoor lifcecesceec Low | Low 
Indoor industrics.....seeeeeee | © 2D. 0, High 
Coa PaO jcsicsb ss dcw 4-5 aces eee Bich : Low 
Alcohol trade........e.008- ivan Moderate. High 
Heat and. Sumo sy ses saree Sera eee Hien a ~ Low 
Dust ofs : * ask 

Le. ANIM] OPri Sits cesccsaaes Low ._ Low do. 


oe Vegetable husks and de- 
bris, certain inorganic | 

MAG ST VA Sieg hese -aseecereceveue High el do. 
gh cL CS oie sans doin Sue 6 fos oceans ore dO. High 


Anthracosilicosis 


From 1931 to 1937, 87 percent of the total deaths in Great Britain due 
to silicosis occurred among the coal miners of South Wales; two thirds of 
the deaths and discase occurred in the Swansea Division: and 89 percent of 
the medical certificates granted in the Swansea Division related to anthra- 
cite collieries (13). : 


In the United States the chronic disease among miners due to breathing 
air containing dust generated in the varitous processes involved in the 
mining and preparation of anthracite is called anthracosilicosis. This is 
a descriptive title for the form of pnoumoconiosis commonly called miners! 
asthma, Tho disease was found in about 23 percent of 2,711 employees of 
three anthracite mining companies studied by the United States Public Health 
Servica.in 1933, About 63 percont of those having anthracosilicosis chowed 
evidence of disability, compared with less than 10 porcont in the control 
group. Moderate and marked degrees of disavility handicapped approximately 
el percent of those with anthracosilicosis compared with less than 2 percent 
of the men scrving as controls. 


Wide differences were found in the extent of physical impairment in the 
several occupational groups. The highest rate of disability from all causes 
comoined was found in the group of men that had cnanged more than 5 years 
before the date of examination from very dusty to relatively nondusty oc-= 
cupations in the industry, In a number of instances the change in occupa 
tion probably was made on account of physical condition, Miners at the 
coal face, rock workers, and men who had had appreciable exposure to harmful 
dusts in other industries also showed evidence of much greater physical 
impairment than was found in the control groun. 


Moderate or marked physical impairment from any cause was found in 1.7 


percent of the control grounv, in 9.9 vercent of the regular miners, and 
among 12.6 percent of the rock workers. 


There was a marked tendency toward increase in the proportion having 
physical impairments with increase in the number of years of employment in 
anthracite. This tendency is manifested whether one considers disability 
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of any kind, disability in which pulmonary infection was contributory, or 
disability due largely to tuterculosis. In each case the occupational 
groups arrayed themselves according to extent of physical impairment, as 
follows: (1) Rock workers: (2) regular miners: (3) all others exposed to 
more than 100 million dust particles per cubic foot of air; and (4) men in 
haulageways, except rock workers. 


The pathology of anthracosilicosis as observed in these cases 1s 
essentially a deposition of coal dust in the ‘Imngs accompanied by an ex- 
tensive fibrosis, both diffuse and nodular, with associated functional 
and degenerative changes. (Silicosis modified by coal dust.) 


That excess mortality from respiratory discases as a wholo is experienced 
by American hard-coal miners is clear from the studies made by the Puolic 
Health Service (4). The anthracite miners! proportionate mortality from 
all respiratory diseases was about 1-1/2 times that of the other adult males 
in the same region, When proportionate mortality was computed for ages 16 
to 65 in Wales (4) 4t was found that respiratory diseases accounted for 53 
percent of the deaths of anthracite miners, compared with 38.2 percent 
among males in the same social class, The proportion among hewers and 
getters of anthracite therefore was 1,4 times that of men of the same social 
status, 


Bilicosis 


There are various definitions of silicosis, >but all agree that the 
cause of the disease is the inhalation of silica or quartz dust (14). 
Silicosis is a well-recognized clinical and pathological entity at least as 
characteristic as any cause of death known to epidemiologists (15). The 
definition of silicosis adopted at the International Silicosis Conference 
in 1930 and reaffirmed at the 1939 Conference and gencrally accepted is: 


Silicosis is a pathological condition of the lungs due 
to inhalation of silicon dioxide. It can be produced cx~ 
perimentally in animals, | | 


The first investigation of silicosis in the mining industry in the 
United States was made in 1914415 by the Federal Bureau of Mines in co- 
operation with the United States Public Health Service in the Joplin (Mo.) 
mining district (11). As only a few men were examined at that time, it 
was decided to examine a larger number to gain a more accurate idea of the 
prevalence of consumption among the miners of this district. From May 15 
to December 31, 1915, 720 miners were oxamincd: 45.7 percent had silicosis 
and tuberculosis and 5.3 percent had tuberculosis (16). A later report 
(1917) of this same investigation by Lanza and Childs (17) included the 
results of the first detailed X-ray studies of silicosis made in the United 
States, 


Investigations of mining conditions by Harrington and Lanza (12) in 
Butte, Mont., in 1921, revealed that 42.4 percent of 1,018 miners examined 
showed definite signs of lung damage due to dust, 


8016 5 te. 


Google 


T.Ce 716 


From July 1, 1927, to June 39, 1932, the Metropolitan Life Insurance 
Co., the Tri~State Zinc 2 Lend Ore Producers Association, and the Federal 
Bureau of Mines operated a cocperative clinic at Picher, Okla., (1) to 
demonstrate to industry a workable method for diagnosis of silicosis, to 
educate workers in preventive measures, and to serve as a mocel to in- 
Gustries presenting a cust hazard. Of 27,553 individuals exemined during 
this period 5,366 had silicosis, 742 silicosis plus tuberculosis, and 320 
uncomplicated tuberculosi 


The chief cause of disability in silicosis is tubercle infection. The 
silicotic lung appears to be a more favoreble medium for the erowth of the 
tubercle bacillus than the normel lung, not because it is fibrotic nor be-~ 
cause its lymphatic drainage is interfered with but because it contains 
silica (19). Apparently silica dust possesses this characteristic of in- 
creasing the liacility to pulmonary tuberculosis, That this is true is 
indicated by the statistics quoted in this paver which indicate also that 
silica dust increases tho liatility to other respiratory diseases. (See 
table 4,) 


TABLE 9, ~- Mortality from cartein recnirstory disorses of those exposed to 
siliceous amet to b, to nonstliceous Cust “ead d_the general population 


br ace eras Lf 
peg a emncae a a FONDS y 


—_sBeeyirotory. Giserses | | 
ore ae Influenza 


aise aa | \ "y 
: ee ~ ene Se 120-65 C— 4 oxo 
66 O57 | alee) set 


Groups 
1 Bae 


Siliceous dust. 
Nonsiliceous 
GUSUsdsean See 
General popula 
CLON so 40ers ose ee 


vee lurel 59.55. 


Siliceous dust. 
Nonsiliceous 
GUS View sen alee Coal Tae 
General popu- | 
picareGs) se a eee ee: So e4.e | 25, 
1/ Made un from tables 1, 5, and 7. 


The results of virtually all etudies are in agreement regarding the high 
mortality from tuberculosis fov industries in which large numbers of men are 
exposed to a silica hazarc. These rates are so hich thet they leave no room 
for doubt of the cause-and-effect relationship between the hazard and the 
high mortality (20). 


Joint studies made by the Actuarial Society of America and the Associa~ 
tion of Life Insurance Medical Directors (20) revealcd that there were 65 
deaths whore 6 wore expacted (acout ll times the expected number) from 
tuberculosis in 1925-1936 among a grow of underzround miners, most of whom 
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were employed in metal mines, Tuberculosis deaths were fourteen times the 
expected among copper miners, nino times the expected among gold and silver 
miners, and eight and a half times the expected amons.iron miners. In. an 
earlier study (20) covering the years 1915-1926 there wore 18 times as many 
deaths as expected among lead and zinc miners. 


An analysis by the field division of the Saranac Laboratory (21) of the 
roentgenograms of 5,000 white miners exposed to the inhalation of harmful 
concentration of silica dust shows that the incidence of pulmonary tubercu- 
losis lesions increases as the cegree of reaction to dust progresses. In 
this zrouv of miners tuderculosis lesions were found in approximately one 
fourth of those with first-stage silicosis, one half of those in the second 
stage, and 65 percent of those in the third stage (21). 


PREVENTION OF DUST DISSASZS IN MINING 


The data given in this paper point to dust as the greatest contributor 
to the excessive mortality from pulmonary diseases experienced in the mining 
industry and to silica dust as the immediate cause of the disease silicosis. 
Therefore, the principal method of preventing those diseases is to eliminate 
ag far as possible or reduce to harmless concentration the dust in the 
breathing zone of the workers, Experience has shown that the properties of 
a dust that determine its capacity to produce injurious effects are its 
composition, the quantity suspended in the atmosphere oreathed by the worker, 
and its particle size, 


Although any dust may be harmful to breathe under certain conditions, 
as indicated by the data presented here that show a higher incidence of 
pulmonary diseases in nonsiliceous dusty industries than in the general 
population, physiological studies reveal that, in general, tne harmfulness 
of a dust 1s proportional to its content of free silica or quartz, in 
particles small enoush to enter the finer air spaces of the lungs, and in 
high enough concentration to overcome the normal defenses of the respiratory 
systen, 


. ‘The prevention of dust diseases is the function of the physician and 
the engineor, working together to determine the extont of the dust hazard 
-in industry and .metheds for its control. 


The first step is to determine what dusts are harmful and in what con— 
centrations. The procedure is somewhat as follows: It is observed that 
respiratory diseases appear more frequently or with greater severity among 
workers in certain industries or in connection with certain operations 
within an industry. The physician attempts to determine the extent of the 
injury to the health of those exposed and the cause. If the cause appears 
to be exposure to excessive dust, the engineer samples the air to determine 
the kind, amount, and size of the dust present. The nhysician and the 
engineer can correlate the results of their investigations to determine 
allowable concentrations of dust, exposure to which is not likely to cause 
harmful. physiological reactions. The engineer is thon in a position to 
devise measures for the reduction of the dust to a harmless concentration. 
The aim, of course, should be to eliminate the dust entirely or to reduce 
the dust to a concentration that will not cause disability during the working 
lifetime, 
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Allowatle Concentrations of Dust in Minine 
ge ga ee ee SES 


- 


Investigations conducted over a period of years show that exoosure : 
to certain concentrations of harmful dusts fora. certain time cause varying 
degrees of resplratory disability, but that below these concentrations - 
disabling pulmonary Giseases do not occur within a working liretime. The | 
classical example of this is the exnerience in South Africae with the re- 
duction in mortality from silicosis that has followed the recuction in air 
dustiness in the mines of thas country. | | 


Tne reduction in the incidence of silicosis in the South African mines 
attests the effectiveness of the control measures employed and the Bee 
practicability of using a definite dust concentration asa gaide in setting 
allowable limits of air dustiness in the ~revention of pneumoconiosis in 
dusty industries. The production rate of silicosis in the scheduled mines 
of South Africa (22) in 1922—75 was 9.59 per 1,000, compared with 21.95 in 
1917-18. (See table 10.) 


TABLE 10. - Averace number of miners exemnined annually and production rates 
for silicosis in each triennial period since 1917~13 : 


Averace rnumoer Preduction jAverage number {Production 
of miners rate of of miners rate of ° 
Period examined — silicosis | Period exemined silicosis: 
| annual ner 1,090 | annua} 1 per 1,000 
1917-20 14,079 1926-29 1h 62 Spl, Id 
1320-23 13,260 1929-32; 16,774 13.87 
1923-26 12,52 1932-35] 20,139 959 


‘The incidence rates for silicosis uncommliceted by active tuberculosis 
among South African miners ina 1936-37 was between 8 and 9 per 1,000 per 
annum (23). The liability among the whole tody of miners to contract the 
disease in 1936-37 wes less by 65 percent than it was in 192023. Among the 
"new Rand miners" who entered tte industry by way of initial examination _ 
since 1916 and who have been exmosed solely to the progressively improving: 
occupational conditions that have obtained since that Cate, the liability . 
to contract silicosis was less by 37 percent than the similar liability 
among all miners working for an equal period in 1920-23. These "new Rend 
miners" constituted 77 percent of all working miners examined. The group of 
pre~1916 miners who in 1935-36 constituted less than 17 percent of the total. 
numper of working miners contributed nearly 78 percent of the new cases of ° 
Silicosis. is : 


In the study by the Public Health Service (10) of anthracosilicosis among 
hard-coal miners silicosis was not found in a control group of mining en 
ployees whose dust exposure averaged less than 5 million particles per 
cubic foot of air. 


The prevalence of anthracosilicosis among the entire grouv of employees 
was found to be about 2% percent. | 
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Among all except rock workers less than 2 percent of the men developed 
anthracosilicosis when the duration of employment was less than 1h years 
regprdless of the amount of dust in the air. 


Among men exposed 15 to 24 years to dust containing less than 5 percent 
free silica 14 percent of those who had worked where the average dust count 
was 100 to 199 million particles per cubic foot, 29 percent of those exposed 
to 200 to 299 million particles, and 58 percent of tne men who had worked _ 
for this period in more than 300 million particles per cubic foot developed 
anthracosilicosis. | 


Among men employed for more than 25 years in dust containing less than 
5 percent free silica the proportion of persons found with anthracosilicosis 
under different concentrations of dust was as follows: 5 to 99 million 
particles, 7 percent: 100 to 199 million particles, 54 percent; 200 to 299 
million particles, 71 percent; 300 or more million particles per cubic foot, 
89 percent. | | 


With the exception of miners, their helpers, and rock workers, about 
25 percent of all the men employed underground developed anthracosilicosis 
after a working period of more than 25 years. This group was exposed to 
dust having a quartz content of about 13 percent. 


The prevalence of anthracosilicosis among persons who had been exposed 
for more than 2 or 3 years to dust of which about 35 percent was free silica 
ranged from 10 percent among those who had worked in concentrations of less 
than 200 million particles per cubic foot for less than 15 years to Je per- 
cent among those who had been employed for more than 25 years in dust con- 
centrations exceeding 300 million particles per cudic foot, more than 2 
or 3 years of which time was spent in rock work. a 


Age per se appeared to play a minor role in the cevelopmernt of anthra— 
cosilicosis. 


Analysis of the data for the purpose of determining safe limits of dust 
exposure indicated that employment in an atmosphere containing less than 50 
million dust particles per cubic foot would produce a negligible number of 
cases of anthracosilicosis when the quartz content of the dust was less than 
5 percent. In the gangways where the silica content of the dust was about 13 
percent, a safe limit appeared to be 10 to 15 million particles per cubic 
foot. The limit of toleration for rock workers was set tentatively at 5 to 
10 million particles per cubic foot of air. Similar results were obtained by 
the Public Health Service in an investigation of pneumoconiosis among mica 
and pegmatite workers. (See table 11.) 
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Figure 1. - Relation of average dust concentration and duration of 
dust exposure to the percentage of workers found to have pneumo- 
coniosis. (Based on data presented in table 11.) 


ai | Original from 
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TABLE 11. ~ Pneumoconiosis cases occurring among & workers exposed 
to mixed dust, classified by average dust concentration 
length of emnloyment,. and number of worzers exposed 


Averaze dust concentration Years in industry 
(million particles per O49 | 5-9.9 15-19.9{| 20 and 
cubic foot over 
0-9: 
Pneumoconiosis cases..enumber 0 0 0 @) 0 
Workers exposed..... Sidhe 10x cal 55 23 13 8 
Workers with pneumocoe | | 
BLOSL Si seces sewer as percent O 0 QO 0 0 
10~2i: a, 
Pneumoconiosis cases..number @) 0 0 OC y 
Workers exnosed......2 G0. 123 gu 66 29 23 
Workers with pneumoco— , 
 niosis...cesesecs-seepercent 0 0 0 6.9 17.4 
25-U9: 
Pneumoconiosis cases...number O a 3 3 6 
Workers exposed....... oe clone 43 US 31 11 18 
Workers with pneumoco—~ 
NIO62 Ssccs esas ye see Percent C 9) S./ efe5 bere 
50 and over: 
Pneumoconiosis cases.. number 6 yo 5 yy yy 
Workers exposed........ ‘. COz Ls ub 25 g 6 
Worlzers with pneumoconioe 
Sf 6. iceens ad oor ..percent| 0 ©.1 | 20.0_ 0.0 {66. 


The relation of the average dust concentration and duration of exposure 
to the nercentage of workers found to have pneimoconiosis was as follows: 
Of those who had worked in an average concentration of 50 million particles 
of dust per cubic foot of air, 9 percent had pneumoconiosis in 5 years, 20 
percent in 10 years, 50 percent in 15 years, and 56 percent in 20 years. 
Of those who worked in an average concentration of 25 million particles 10 
percent had pneumoconiosis in 10 years, 27 percent in 15 years, and 33 percent 
in 20 years. Of those who had worked in an averace concentration of 10 
million particles, 7 percent had pneumoconiosis in 15 years, and 17 percent 
in 20 years. (See fig. 1.) 


The data obtained in cther studies of dusty trades, anthracite mining, 
asoestos textile manufacture, and the pottery industry have becn treated 
in a similar fashion and have yielded siniler although usually less regular 
results. The position of the threshold value below which no cases were 
found and the magnitude of the trends between percentage affected and both 
time and intensity of exposure varies in different sets of data, depending 
to a large extent on the chemical nature of the dust to which workers were 
exposed and possibly on the regularity of omployment. 
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It is tempting to seek to summarize the data of table 11 and figure 1 
into a simple mathematical relation such as the following: With each two- 
fold increase in average dust concentration above 10 million particles per 
cubic foot the vrobability of finding cases of silicosis (in men exposed 
for comparable lengths of time) is apvroximately doubled. Application of 
the standard methods of curve-fitting would yield more refined descriptions 
of these data. Nevertheless, it does not seem to be advisable to set uv 
any mathematical treatment, because of all the men who entered the industry 
only the survivors have been studied. There is no adequate way of determin- 
ing whether or not men who dropned cut of the industry were in a better or 
worse state of health as far as silicosis is concerned than men who remained. 
in the industry, and thus there is no way of introducing a correction for 
this element of selection into a mathematical treatment. It seems to be pres 
ferable to present the facts es simply as possible, together with the pre- 
cautions to be kept in mind in studying them, and to emphasize tnat the 
principal use of these data is to show the degree of improvement in health 
to be expected in the future if dust formation and dust dispersal are brought 
under control in these and in similar industries. 


Methads of Dust Control 
Determination of the Dust Hazard 


After the physician ond engineer have learned by cbservation and ex— 
perimentation what kinds of dust are nermful and in what concentrations, it is 
the function of the engineer to evaluate the hazard in a particular industry, 
plant, or mine and devise measures for its elimination. The first step is 
to become thoroughly familiar with the industry being studied to determine 
the dusty occupations, tne number of perscns in each, and the various ac— 

ivities and time devoted to each activity in any one occupation (24). 


The amount of harmful dust created by various activities can be de— 
termined by taking samples of the atmosphere in their vicinity and counting 
and identifying the dust particles. Sarmmiing of air is also a means of 
checking the efficiency of any control measures that may be adopted. 


Several devices are availavle for collecting and counting dust samples. 
The impinger, however, is the instrument used most frequently in the United 
States. The Bureau of Mines and the Public Health Service have issued pub~ 
lications describing the method of sampling dust by the imminger (as well 
as vy other methods) and procedures for counting and identifying the 
particles (2 and 25). 


Dust sampling is complicated by the fact tmt air dustiness fluctuates 
rapidly from moment to moment. A single dust count represents only the 
amount of dust in the atmosphere at the time and pnlace of sampling and 
gives no indication of the average exposure of the worker over a period of 
years, especially if he has not worked continuously at one job. The 
ultimate lung injury that he may suffer will depend upon the integrated 
effect of the dust over a long period (26). <A proper measure of dust ex- 
posure requires a picture of the variations in dustiness. The best procedure 
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is to determine the dustiness during different stages of an operation and, 
_with the aid of a time study, to tueeals down the worker's Gay according to 
the time spent in each steps from these data tne avernge dust exposure of 
.the worker can be calculated. 


Drilling. - Exmerience in South Avrica (27) with new methods of sampling 
have revealed that more dust is producec by rock drills than hac been sus— 
pected, the difference consisting entirely of dust too fine to be detected 
‘by the older methods. The imrortance of control of drilling dust asa 
measure cf the prevention of silicosis is demonstrated by tne fact that the 
incidence of silicosis has remained consistently and considerably higher 
among machine drillors thon among those who heve never worked machines, and 
the excess incidence among machine drillers has teen in direct proportion 
to the amount of time spent on rock drilling. 


Until relatively recently drilling of holes for blasting was a | 
negligible producer of dust or air dustiness in coal mines especially other 
than anthracite mines. The hand-overated auger drill produces very little 
fine dust, but with the extension of mechanized mining power drills are 
becoming more and more essential, and some of them are heavy producers of 
.finely divided dust: this is especially true of reciprocating drills of the 
jackhammer type drilling dry and using compressed air in the drilling of 
holes either in coal o> in roof or floor material. | 


Blasting. ~ The exceptionally heavy incidence of ‘silicosis among rock 
drill miners in the early period of. the gold-mining industry in South Africa 
(28) was due to the exnosure of the rock—drill miner not only to drilling 
dust but to high concentrations of dust from blasting, and frequently to 
the inhalation of varying amounts of the irritant fumes producec by blasting, 
owing to the methods of blasting then in use. Blasting produces large 
quantities of very fine dust, tne finest fractions of wnich tend to remain 
suspended in the mine air for a long time, unless removed by ventilation. 


Shoveling or mickinzg. ~ In the Picher, Okla., study (6) it was dif- 
ficult to show the relationship of the duties of the men to silicosis because 
of frequent change of occupation. All examined were divided into two groups - 
those exposed to larga anounts of dust (those employed at the face) and 
thése exposed to relatively smail amounts (those away from the face). In 
the order of exposure to the dust. hazard the men at the face included 
shovelers! helpers, snovelers, drill helvers, machinemen, . trackmen, roof 
trimmers, powdermen, shovel bosses, and ground bosses. According to 
analysis of the occupations of face workers the hazard was greater for 
shovelers! helpers andi shovelers then for machinemen if length of time re- 
quired to produce first-stage silicosis is a criterion. It is noted from. 
table l2 that the average number of years worked by shovelers! helpers and 
shovelers was 6.8 and 8.4, respectively, while that for machinemen was 11.4, 
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TABLE 12. ~ Period worked at face by first-stage silicotics 


nn RN 
| Average 
Job years Men 2D 
Shovelers! helpers (oruno men). 38 & j 
Shovelers ......- ied Bkekre ace eererer g.4 Log 
Drillers! helpers (dummies).... 8.4 79 
MT PACIMON sf isnciei so oie oew Soa a Selene See 9.3 5oShovel bosses 


Roof trimmers.....csccccccccees| Lie 26{lGround bosses 


Loading and hauling, - Under some conditions hand loading of coal throws 
into the air of the working place considerabie quantities of dust, but the 
anount is about one-tenth that caused by some types of mechanical loadin-.. 
The greatly increased occurrence of dust from mechanical loading is due not 
only to the stirring of the dust into the air by the loading machines ther- 
selves but also to the greater ravidity of breaiinz down and taking coal 
from the face rezions, which increases other dust~producing processes, 
especially blasting, cutting, and hauling (29). 


Poorly constructed or poorly maintained pit cars or overtopping of ccal 
in cars allow larger sizes of coal to fall off or fine material to sift 
through to the tracks to be ground under the wheels of rolling eqiaipment cr 
the hoofs of mules and then to be thrown into the air by specding cars or 
shuffling mules or men (29). 


Where conveyors (either the shaker or belt type) are used they form 
potential sources of dust clouds at the points where the coal is dropped or 
thrown, which occurs at the discharge ends only. Also, where conveyors are 
used conditions at the face differ from those experienced with the older 
methods of working in that the miners are closer together, there is a 
tendency with the more systematic working for a larrer mumoer of the men 
to perform dust~raising operations at the same time, and the air speed at 
the faces is higher (30). These conditions, if not controlled, tend to 
increase the dust exposure to tne face workers. 


Machine coal cutting. - When coal-cutting machines came into the picture 
early in the present century to supersede in large part both hard cutting 
and blasting off the solid, the really heavy producer of coal dust that the 
worker has had to endure was at hand, and this was especially true of the 
chain machines operated by electricity. Top-cutting is the worst offender 
in so far as impregnating the air with dust is concerned, shearing occupies 
an intermediate position, and undercutting is the least offensive in this 
respect. However, undercutting machines under some conditions (such as 
cutting dry in friatle coal with dull bits in a confined place with little 
or no circulating air) may produce air dustiness so dense as to reduce | 
visibility almost to zero with available tynes of mine lighting and to 
cause between 100,000,000 and 500,000,000 (or even more) dust particles to 
be carried per cubic foot of air of the face region (2°). 


Methods of Controlling Dust in Mining Operations 
The principal measures for controlling dust in mining operations are 
ventilation, wet methods, proper blasting practice, the use of personal 
respiratory protection, and physical examination. 
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Ventilation. —- The more or less generally accepted conclusion that 
coal miners suffer less from miners! consumption than metal miners, who 
either die early in life or are incanacitated in middle age, is due almost 
entirely to the superior working conditions in coal mines as a result chiefly 
of ventilation. | " 


Approximately in order of their importance, the main features that af- 
fect air in metal mines are (1) movement, (2) temperature, (3) relative 
humidity, (4) gases, and (5) dusts. In coal mines the order of importance | 
would probably be (1) movement, (2) gases, (7) dusts, (4) relative humidity, 
and (5) temperature (31). 


The mtter of movement of air from the-surface, through the working 
faces or places, and then back to the surface is by all means the most inm- 
portant consideration in effecting adequate ventilation of mines and in 
protecting the health end forwarding and maintaining the working efficiency 
of the underground workers. If adequate quantities of pure air are directed 
to the places where men work, most of tne requirenents of health and many 
of the demands of safety will be well-served (731). 


Ventilation probarly is the most effective dust-control measure, 
although under some conditions it ranks second to wet methods. Where 
ventilation can be applied effectively, dust can be removed from the air 
or its concentration can be so diluted as to render it almost harmless (29). 


Wet Methods. ~ As dry drilling is the dustiest operation in mining, 
wet drilling will keep air dustiness within safe limits if used with care 
and judgment in collaring wet, using plenty cf clean, dirt-free water, and 
keeping the drills in good repair with adequate regulation of the proportion 
of water and compressed air flowing through the drill steel (29). 


In tests dy the Bureau of Mines (%2) the dust concentration in the air 
during actual drilling decreased as the water flow through the drill in- 
creased. Tne water flow for stovers was 0 to 3 gellons per minute and that 
for drifters from 0 to 1.02 gallons per minute. The rate of decrease for 
stoper drills was greater for water flows from 0 to 1.3 gallons per minute 
than for higher water flows. The rate of decrease for drifter drills was 
similar to that for stoper drilis at corresponding water flows and rather 
constant for water flows of 0 to 1.02 gallons per minute. 


The results of this study show that as water flow through the drills 
was increased the dust concentrations in the air decreased, but they do not 
show whether the decrease was caused directly by the increased water flow, 
by some condition influenced by variation in water flow, or by a combination 
of these factors. 


In most pneumatic rock drills air passes through the drill steel with 
the water. Ordinarily some of the high-pressure air supplied to the drill 
for its operation escapes into the back end of the drill steel, even when 
the operating throttle is not in the blowing position and travels up to the 
face of the hole being drilled. The amount of air escaping is affected by 
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the water flow through the drill steel; as the water flow through the drill 
steel increases the air flow decreases. Mining officials in South Africa 
concluded that such air leakage, although probably facilitating removal by 
the water of the cuttings from the hole, was responsible for entrapping fine 
dust and blowing it into the air during drilling (31). Consequently they 
have devoted much attention to designing drills that permit the minimum 
‘practical air leakage through the drill steel and have established regulations 
on the use of such drills. Canada is also doing much work along this line, 
and recent reports state that such drills are practical and produce about 
oné~fourth the dust concentration of corresponding drills without the "dust~ 
less-head" features (31). 


‘The results of this study show that operators can reduce dust concen- 
trations resulting from drilling by increasing the water flow through the 
drill steel, either by increasing water pressure or by the use of water tutes 
of larger inside diameter. . 


Tests also have been conducted by the Bureau of Mines (32) on the ef- 
fectiveness of spraying water along the outside of the drill steel compared 
with that of standard wet—drilling practice. The tests show that spraying 
water along the outside of the drill steel should not take the place of 
regular wet. drilling underground. However, if a method is developed by whicn 
the device may be used on holes of any inclination, it might prove to be a 
valuable accessory to rezular wet drilling in collaring and drilling the 
first 2 feet of a hole. Tests show that the greatest amount of dust is 
thrown into the air of a working place in drilling the first 2 feet of a 


hole (33). 


Wet—drilling standards have been adopted in New York State for drilling 
in various classes of rock. The requirements for drillirg in class II rock 
(rock containing more than 10 percent free silica) in confined areas, which 
include the use of mechanical ventilation, are quoted selow (34). 


le Wet drilling shall mean the continuous application of 
water through the central hole in the hollow drill steel to the 
bottom of the drill hole. The central hole in the steel shall 
not be less than 3/15 inch in diameter. . 


2. The water flow shall be maintained continuously whenever 
the drill is in operation, including the period of collaring or 
starting the drill hole. The valve in the water line shall be of 
such design that it has only two fixed nositions, namely, closed 
and completely open. Six months after date of approval, all wet 
drills shall be equipped with a combination air throttle and water 
valve of such desigm that the required rate of water flow through 
the drill steel will be insured whenever the air throttle is in 
the operating positions, half speed as well as full sneed. 


3- The water shall be clean and bacteria free and shall be 
delivered to the drills under pressure from an adequate source of 
supply. Portable water tanks for individual drills shall not be 
used unless approved by the Industrial Commissioner. 
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Wet drilling in Class Ii rocx 
mechanical ventilation or inc 
ventilation if anproved 5 e 
foliowing provisions: 


in confined areas shall te used with 
ned areas under cechking by natural 
etrialt UGJonmissioner and cubjec t t90 the 
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le. The rock surfaces for a dist 
other drilling area shall be maintain 


e es: 2@ 


tance or 30 feet from the heading or 
ed in a damp concition. 
ies), minimum rate of 


2. Hand-held é¢rills (maximun piston bore, 3% inc 
es maximum rate of air 


n 
water tlow through drill steel 0.75 gallon ner ‘minut 
Tlow through crill steel at fuli sveed 2.0 cubic feet per minute; maximum 

rate of air fliow throu.ch the drill steel at half—syeed oneration 1.0 cubic 
foot ver minutes minimum rete of generel ventilation in the drilling area 

500 cusic fest per minute per drill, and shall be increased if found upon 

tests cy the Industrial ear auc sioner trat the dust concentration is not in 
accordance witn the requirements of the Code, 


3. Drifter-mounted uni wegzon-mourteé drills (marimem piston tore, 4 
inches), re rate of feneral ventilation ver drill in the crilling area 


througen stecl. 
hLinimun rate 

f ventila~ | 

ition for one 
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er min. 


Flow 
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4. In the case of vositive-nvesture ventiletion, the air must be well 
distriouted over tne driliins and rmst not create acraits at the various ¢drill~ 
ing positions in a manner saticlactory to the Industriel Comiissioner. The 
intake for the ventilating syctem iwast te located at a point free free from 
contamination wita dust or provided vith an efficient liter. 


1 or the intake pipe 


5. In the case of exhaust ventilation, the locati 
‘ im the entire drilling 


or pipes mist be such as to insure 3 ca rt 
area in @ manner satisfactory to thre Industyvial Commiss 


6. The x required ventilation may te obtrincd ty means of a recirculating 
air-cleaning apnaratus provided the dust conce on in the air at the 
-preathing zone of the arilt onerators is raintained at a level below that 
required in Rule 33-2.35 and the apnarztus is otherwise accevtaonle to the 
Industrial bonnie sioner 


{fe Wne adove rétes of ventilation snail be increased whenever necessary 
Pe Ltte 


to reduce dust concentration to the amount ~ermitted ty Rule 332.3. 
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Proper blasting practice. ~ Methods of controlling dust and fumes in 
mines by proper blasting practice have been cetermined by members of the 
Bureau of Mines staff ty observation and experiment (29,35). If at all 
feasible, blasting should be done at the end of the working shift or on an 
off shift, and the dust- and gas-lacen air should be removed or thoroughly 
diluted before the men return to work. Ventilation is an essential agency 
in cleansing the air where bDlasting has been done. Results of investiga- 
tions by the Bureau of Mines (36) show settling rate of dust after blasting 
under the following conditions: 


1. The atmosphere was bratticed off for 3 hours while the dust samples 
were being taken. In this period, under these conditions, the dust con- 
centration dropped from approximately 5,000 million particles per cubic foot 
to 50 million particles per cubic foot. = 


2, The atmosvhore was bratticed off until 26 minutes after blasting, 
when the brattice was raised end natural ventilation (which was virtually 
negligible except for eddy currents; wes @llowed to dilute the dust-laden 
air. It required 2 hours and 20 minutes after plasting for the dust con- 
centration to drop from approximately 5,00¢C million particles per cubic 
foot to 50 million particles per cubic foot, and 2 hours and 50 minutes to 
droo to 15 million particles per cubic foct. 


3. The atmosphere was bratticed off until 37 minutes after blasting, 
when thie brattice was raised and 10—inch canvas tubing inetalled to about 
50 feet from the face. At 46 minutes after blasting, about 1,000 cubic 
feet of air per minute was forced into the face. It required 66 minutes 
after blasting for the dust concentration to drop to £0 million particles 
per cubic foot, and 70 minutes to drop to 15 million particles per cubic 
foote 


The following table shows the time, in minutes, required for the dust 
concentration to drop from 825 million particles per cubic foot to 50 million 
and to 15 million varticles per cubic foot under the three cifferent con= 
citionss 


Time, in minutes, to drop from 825,000,000 
| particles per cubic foot to - 


Ventilating condition 


NO Venti lati Ons <stsk sce sore 1S1 
Tatural ventilation....-.ee. 13 
hechanical ventilation..... e 


In addition, the place (walls, floor, roof or top, and timbers) should 
be wetted thoroughly before odlasting is Gone, and a water blast should be 
used during and after the blastirg. The region should be wetted thoroughly 
when the men return to tne face region arter dlastins, and the muck pile 
should be kept well wetted at all timcs while it is loaded out, as the 
water not only lays the dust but also either absorbs or otherwise aids in 
diluting or eliminating harmful or poisonous gases that follow blasting and 
that usually cling to the blasted material. 
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Tests (35) on the effectiveness of a snvay of water mist in reducing 
the concentration of dust in the air after blasting and curing muicking of 
the tlasted material were conductea in three heacings in medium hard to hard 
rock, The use of the spray anparently made it nessidle to reduce the con- 


centration of dust generated and thrown into the air during blasting nore than 


$9 percent from the amount present when the spray was not used. Dust dis- 
scmination during mucking of -aterial sprayed several hours before mucking 
was begun was much less than during shoveling of material thoroughly 
sprinkled just before and during macking; end, of course, the dust present 
arter use cf cither the spray or tha coriniline method is far less than if 
the mucking hid been done cry. | 


In general, the larger the quantity of explosive used, the more finely 
divided the blasted mterial, the more heavily the air will be impregnated 
witn cust and smoke, and the Naeeates will te the quantity of poisonous geses 
left at the place; hence, methods should te used that will tend to reduce 
the quantity of explosives used and of gases and dust produced. In this 
comnection it will be found that the use of stevming or of some tynes of 
dlesting plugs now availasle will confine more definitely the oxplosive, 
hence, increase its efficiency and reiuce the quantity of exmlosive used 
and also recuce the amount of poiscneus gas produced and possibly reduce 
the violence of the blast end its tendency to raise dust and disseminate it 
into the surrounding air. It world be well for users of explosives to in- 
vestigate types of explosives tzat ere known to give off minimum quantities 


of harmful geses on cetsrnation and to use them; also, the discontinuance of the 


use of fuse ana tne sudstitution of electric tlasting would aid in reducing 
the amount of poiscnous sases from blasting. Exnlosives that have been held 
ln storage too long or that have teen stored under unfavorable conditions 
as to moisture, temperature, etc., are likely to give off maximum quantities 
of harmful gases, if they detonate at alls; hence, utmost care snould be 
taken in the storing of explosives to see that they are not held too long 
before being used. 


Personal resniratory »rotection. -— This method of control of air dusti- 
ness is unsetisfactory in Uegete eee mining except for terporary use in 
emergencies. Although cust respirators give adequate protection against 
dust, they afford the wearer essentially no protection against toxic or 
asphyxiating gases, and ere too cumoercome and unconfortadle for constant 
wear. 


The Bureau of Mines has established a schedule of minimum requirements 
for mechanical~filter aaa one tyne of which is for protection 
against cust generated by disinterration as in drilling and blasting. 


9 
About 30 respirators aes ceen aprroved uncer tois scnecule. 

Physical examination. - Althoush strictly sneaxing physical examination 
is not a dust—-control measure, it is an important means of determining the 
efficacy of the methods explo-red to retuce the dust hazard. If workers ex= 
posed to dist are examined neriodicaliy increased incidence of respiratory 
disease can te discovered and measures taken to reduce the amount of dust 
in the air or remove any affected workers to a less hazardous environment. 
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In South Africa all white applicants for underground work are examined 
and certified to be physically fit and free of any disease of the respiratory 
organs and then re-examined every 6 months to determine and report all cases 
of sirmle silicosis, tuberculosis with silicosis, and simple tuberculosis 
that my have developed. In this wey commaratle records can de obtained 
for measuring the degree of preumoccnicsis and the extent of Impairment 
of working capacity among emmloyees from year to year. Comoarable records 
wili not be obtained unless periodic exaninations ere conducted in a 
standardized way, preferably by a permanent medical board composed of 
physicians specially trained ani having adequate expsrience in the diagnosis 
of pulmonary ciseases,. 

SUMMARY 

1. The principal pulmonary diseases to which the miner is subject 
are bronchitis, influenza and vncumenia, pulmonary tuoerculosis, anthra~ 
cosilicosis, and silicosis. 


2. Statistics indicate that much higher morbidity and death rates from 
pulmonary ciseases are exnerienced in dusty than in nondusty industries, 
especially where silica dust is used or »roduced. 


3. Investigations by the Public Eealth Service reveal that hard—coal 
miners suffer a high mortality rate from influenza and nneumonia not only 
during influenza epidemics but 2t other times as well. In 1915-23 and 
1906-25 influonza ard pneumonia were vesponsible for LO nercent of the 
total deaths among hard—-coal miners, compared with 25 percent among males 
at ages 15 to 65 who were enseced in pursuits other than coal mining. Six 
percent of hard-coal miners bed pulmonary tuterculosis, compared with 2 
percent in the adult male population of the United States, The rate for 
metal miners is stiil higher. 


4, Anthracosilicosis was found in about 2% nercent of 2,711 emplovees 
of three anthracite-mining companies studied by the United States Public 
Health Service in 1933. About 63 percent of those having anthracosilicosis 
showed evidence cf disability, commared with less than 10 nercent in the 
conirol groun, Moderate and marked deerees of Cisability handicapped ap= 
proximately el percent of those with anthracosilicosis, conmmared with less 
than 2 percent of the men serving as controls. 


5 The occupetional groups in anthracite minins, arranged by tne 
Public Health Service according to extent of physical impairment, are (1) rock 
workers, (2) regular miners, (3) all others exposed to moro than 100 million 
dust particles per cubic foot of air, and (+) men in haulageways except 
rock workers. : 


6. The principal pulmonary disease in metal mines 1s silicosis, and the 
chicf menace in silicosis is tuterele infection. Apparently silica dust 
alone increases the liability to pulmonary *suberculosis. 
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Joint studies made by tue Acturrial Society of America and the As- 
sociation of Life Insurance Mcdical Directors (20) revealed that there were 
65 deaths where 6 were exnected (about 11 tines the expected number) from 
tuberculosis in 1923-1936 among a group of ndergrotnd miners, most of whom 
were emploved in metal mines. Tuberculosis deaths were fourteen times the 
expected ationg copper miners, nine times the exnected among gold and silver 
miners, and eight and a half times the expected among iron miners. In an 
earlier study (20} covering the years 1915-1926 there were 18 times as many 
deaths as expected among lead and zine miners. 


ast contributor to the excessive mortality from 

1ing industry, the principal method of preventing 
c as far as possible or reduce to harmless 

ne breathing zone of tne worxere 


{- As dust is tho oe 2A 
vulmonary dise@ser ir tle 

these diseases is to 
concentratioas the dau 


8. The aim shcouli te to elimirate the dust entirely from the air breathed, 
Where this is not Always feasible it my be nossibdle to reduce the dust to a 
concentration that will not causc dGisatility Gucing a working lifetime. 

b 

9. Analysis of data collected ty the Public Health Service to determine 
safe limits of dvst emocure inlicate that employment in en atmosphere 
containing less than 50 million dust particles rer cubic foot produces a 
negligible number 92 cases oF silicosis when tne quartz content of the dust 
is less than 5 vercert; when the silica content is about 13 percent 10 to 15 
million particles appears to be a safe limit. 


10. The amount of harmful dust created by vericus activities in mining 
can be determined by sarmoling the atmosphere in their vicinity and counting. 
and identifying the dust particles. Samplinz of air is also a means of 
checking the efficiency of dugt-control mcasures. 


ll. The impinzger is the dust-—sarnling instrument used mest frequently 
in the United Stetes, 


12. The custiest operations in mining are dry drilling, blasting of 
dry rock or ore, choveiing or mucking, loading and hauling, and machine 
coal cutting. 


13. The princinel measures for controlling the ill effects of dust in) 
mining operations are ventilation, wet methods, proper blasting practice, 
the use of personel respiratery protectio:, end physical examination of 
workerse 


14, The efficiency of these measures in the re@uction of the incidence 
of dust diseases is attested ty the experience in the mines of South Africa, 
where among the whole oi; of miners the liability to contract silicosis 
in 1936-27 was lecs by E5 percent than it was in 1920~23. -Among the "new 
Rand miners" who entered the industry by way of initial examination since 
1916 and who have been exnosed solely to the progressively impreving oc~ 
cupational conditions that have obtained since that date, the liability to 
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contract silicosis was less by 37 percent thar the similar liability among 
all miners working for an equal period in 1390-23. These "new Rand miners* 
constituted 77 percent of all working miners examined. 


CONCLUSION 


The mortality and morbidity from pulmonary diseases are excessive in 
the mining inéustry as a result of exposure to large amounts of dust in the 
air breathed. Therefore, control of the dust hazard is necessary to prevent 
these diseases. No single measure of control is applicadle to all dusty 
operations and processes; therefore, ail the means cf prevention must be 
practiced to insure siccess in the solution of the problem. 
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